Messenger RNAs in Trypanosoma brucei brucei have the same 35 bases at the 5' end. These 35 bases are not encoded contiguously in the genome, but are donated from a 140 base RNA (the mini-exon donor RNA). The mini-exon donor RNA (medRNA) is encoded by 1.35 kbp genes that occur in tandem repeats. A DNA element that is associated with mini-exon donor RNA medRNA genes has been identified and characterised by restriction enzyme mapping and partial sequencing. This element (the medRNA gene associated element: MAE) varies in length between 5.5 and 7 kbp. There are between 20 and 40 copies of the element per haploid genome. In clones of genomic DNA MAEs occured between two medRNA gene arrays and on both sides of a medRNA gene array. The MAEs were always in the same orientation with respect to the medRNA genes. It is proposed that in the genome MAEs are interspersed between tandem arrays of medRNA genes. The transcription of the element has been investigated. Low levels of a 70-80 base transcript derived from a small part of MAE were detected in steady state RNA. Nuclear run off transcript studies indicated that MAEs were transcribed at high levels and that they possibly contain at least one start and stop of transcription.
A small proportion of the medRNA genes occur in shorter tandem arrays termed orphons (14) . The 3' and 5' flanking regions of one of these orphons have been characterised and are conserved between medRNA gene arrays (15) . The junction between the 3' end of the orphon medRNA gene array and the surrounding DNA occured just 20 bp 3' of a mini-exon (in the sense of transcription) (15) . Consequently there are at least two sequences, the orphon flanking sequence and the medRNA gene sequence, found close to the 3' end of the mini-exon. As well as being conserved between medRNA gene arrays in T. b. brucei, the orphon flanking sequences are conserved between trypanomastid species (15) .
The DNA surrounding the medRNA gene arrays is not well characterised. As part of an investigation to characterise any genes associated with these arrays the structure and transcription of this DNA was investigated. In this report it is shown that there is a DNA element (the medRNA gene associated element: MAE) that varies between 5.5 and 7 kbp in length associated with medRNA gene arrays. MAEs are found interspersed between medRNA gene arrays. The orphon medRNA gene array flanking regions previously reported (15) are part of MAEs. Although MAEs are strongly transcribed, only low levels of steady state transcripts are found. The transcript is 70-80 bases in length and is degraded very rapidly.
MFTHODSIsolation of RNA and DNA from Trypanosomes.
RNA was isolated from T. b. brucei MIAG 203 bloodstream form (16) by the hot phenol-SDS method (17) . DNA was isolated from the same stock as previously described. (18) . DNAs prepared in the same manner from T. b. brucei STIB 247L (19) and T. b. gambiense STTB 386AA (20) were a kind gift of J. Wells (Dept. of Pathology, University of Cambridge).
Gel electrophoresis and blotting.
RNA was denatured with glyoxal prior to electrophoresis through 1.6 % agarose gels (21) . After electrophoresis, gels were blotted without further treatment onto Hybond-N (Amersham) following manufacturers' instructions. Restriction enzyme digests of DNA, agarose gel electrophoresis and blotting were performed using standard conditions (22) . Hybridisation of the probes was in 4x SSC, 5x Denhardts, 0.1 % SDS, 0.1 % sodium pyrophosphate, 50 Hg/ml heparin solution at 65°C, except for the oligonucleotide probe when hybridisation was at 40°C. The conditions of washing are given in the figure legends.
Origin of hybridisation probes.
Two genomic Sau3A fragments containing the mini-exon (ME 1.35 and ME 1.5) were cloned and sequenced (see results). Fragment ME1.35 contained the medRNA gene (6, 2, 12) , fragment ME1.5 contained the junction of a medRNA gene with the surrounding DNA (15) .
Restriction fragments derived from the two cloned Sau 3A fragments were subcloned in order to produce specific probes for the two different sequences found 3' of the mini-exon ( figure  1 ). An RsaI-Sau3A fragment from ME1.35 was subcloned into the Smal site of pGEMl (Promega) to form pME-A. An Rsal-Rsal fragment from ME1.5 was subcloned into the Smal site of pGEMl to form pME-B (figure 1).
Probes were synthesised from pME-A and pME-B using T7 or SP6 RNA polymerase (23, 24) and are shown in figure 1. All the probes were single stranded, the senses of the probes are shown in figure 1 . pME-B contained no sequence found in ME1. 35 . There was a small amount of cross-reactivity between pME-A and ME1.5 due to 29 bp of common sequence. Scanning densitometry.
Hybridisation of probes to Southern blots was quantitated using a Transdyne 2955 scanning densitometer linked to a Apple He with integrating software.
Cloning of DNA.
To clone a specific DNA fragment, the relevant restriction enzyme digest was performed and the DNA fragment purified by electroelution after agarose gel electrophoresis (22) . The fragment was then ligated into a plasmid vector cut with the appropriate restriction enzyme prior to transformation of E. coli. This method was used for cloning individual genomic repetetive elements and subcloning of specific fragments from larger clones.
A genomic library was constructed from a partial Sau 3A digest of T. b. brucei MIAG 203 DNA. The partially digested DNA was treated with calf intestinal alkaline phosphatase and then size fractionated through a sucrose gradient (22) . The fractions from the gradient containing DNA of 11-22 kbp were pooled and ligated into Eco RI and Bam HI cut *.EMBL3 DNA (25) . The ligation was packaged in vitro using Gigapack packaging mixes (Vector Cloning Systems) following manufacturers' instructions. The library was plated on E. coli NM539 (25) for screening without amplification. The insert size in W2MBL3 is between l.lxlO 4 and 2.2X10 4 bp and assuming a haploid genome size of 3xlO 7 bp (26) a genome is represented by between 1400 and 2800 plaques. Colonies (27) or plaques (28) were screened by nucleic acid hybridisation. DNA sequencing.
DNA to be sequenced was subcloned into M13mpl8 or M13mpl9 (29) and sequenced by dideoxy chain termination (30) using universal primers (N.E. Biolabs 1211 and 1212) or specific oligonucleotide primers (31) . Additional subclones were generated by cutting the insert from the plasmid vector using restriction enzymes, treating the digest with Bal 31 nuclease (17), then recloning the shortened fragments in an M13 vector for sequencing. Restriction enzyme mapping of DNA.
Restriction enzyme maps of clones were determined by partial restriction enzyme digestion (32) . The maps were confirmed as far as possible by comparison with complete digests.
SI Nuclease mapping of RNAs.
Single stranded DNA probes were synthesised using the prime cut probe method (33) . The probes were hybridised with total RNA at 50 °C overnight then digested with SI nuclease (34) . The products were analysed using DNA sequencing gels. Total RNA extracted from the seeds of Canavalia ensiformis (17) was used as the control RNA. The amounts of SI nuclease used are detailed in the figure legend. Synthesis of run-off transcripts.
Run-off transcripts were produced using the method of J. Young (I.L.R. A.D., Nairobi, personal communication). A fraction containing nuclei was isolated from 427.01 procyclic form trypanosomes. The trypanosomes were grown in 500 ml of SDM-79 medium (35) to a density of 2 x 10 7 /ml, harvested by centrifugation (2000 rpm for 10 minutes in a Sorvall GSA rotor) and washed with 100 ml SDM-79 minus haemin and foetal calf serum (SDM-79*). The washed cells were collected as before and resuspended in 25 ml of ice cold SDM-79*. Immediately 25 ml of ice cold lysis buffer (see below) were added and the solutions mixed by inverting the tube 3-4 times. The lysate was centrifuged at 4000 rpm for 10 minutes in a Sorvall HB-4 rotor at 4°C, and the supernatent discarded. The pellet was resuspended in 25 ml ice cold preparation buffer (see below) and recentrifuged under the same conditions. This wash was repeated 3 more times. After the final wash the pellet was resuspended in storage buffer (see below) at 4 x 10 9 starting cells/ml.
The suspension was used immediately to produce run-off transcripts. 100 (ll of this suspension were added to 100 u.1 transcription buffer (see below) and incubated at 37°C for 7 minutes. 2 \i\ of 1 mg/ml DNAse I were then added and the incubation continued at 37°C for 5 minutes, then 200 JJ.1 of 10 |Xg/ml proteinase K in lOmM Tris-HCl, lOmM EDTA, 2 % SDS solution pH 8 were added and the incubation continued at 37°C for a further 5 minutes. The mixture was phenol extracted and the unincorporated nucleotides removed by Sephadex G-50 chromotography. The usual incorporation was 2-5 x 10 7 cpm/10 9 starting cells (nuclei). There is only one site for the restriction enzyme Sau 3A in the medRNA gene (6, 12, 2), consequently a Southern blot of genomic DNA probed with an oligonucleotide containing the mini-exon sequence would be expected to reveal a 1.35 kbp fragment. This was indeed observed, in addition a less intensely hybridising fragment of 1.5 kbp was also found (see below / figure 5). indicates the position of the lost Sau 3 A site in the clones of ME 1.5. Of the 4 clones of ME 1.5 characterised 2 terminated at the Bgl II site and 2 at the Sau 3A site shown. The region common to both ME 1.35 and ME 1.5 is indicated. The locations of the probes used are shown. The probes were all single stranded, the arrow indicates the orientation of each probe 5' to 3'.
DNA corresponding to both these Sau 3A fragments was cloned and the DNA sequence determined. The DNA sequence of the 1.35 kbp fragment (ME1.35) was basically the same as previously published for the medRNA gene (6, 12, 2) with the exception of a few point mutations, insertions and deletions (data not shown). Plasmids containing DNA corresponding to the 1.5 kbp fragment (ME1.5) contained a deletion of approximately 600 bp in four independently isolated clones; the Sau 3A site at one end having been lost (figure 1).
The two DNAs (ME1.35 and the truncated ME1.5) were essentially homologous from the 5'-end of the truncated ME 1.5 up to 20 bp after the 3' end (in the direction of transcription) of the mini-exon (figure 1). After this point the sequences diverged totally. The sequence unique to ME1.5 was that of the 3' flanking region of an medRNA gene orphon previously reported (15) , there being only minor variations from the published sequence (data not shown). Probes specific to each of the two sequences found to the 3' of the mini-exon (one derived from ME 1.35 and one from ME1.5, see Materials and Methods) were used to further characterise the structure of the DNA surrounding the medRNA gene arrays. Probe MER2 detects a sequence repeated many times in the genome that is associated with the mini-exon.
To investigate the DNA surrounding the medRNA gene arrays structures containing the flanking sequences (derived from ME 1.5) were characterised. Because of the difficulty in restriction enzyme mapping non-homogenous repetitive elements directly from genomic DNA, the problem was approached by mapping clones of genomic DNA and confirming the results, as far as possible, using Southern blots of genomic DNA.
A genomic library constructed in XEMBL3 was screened with two probes: MER2 and ME34 (an oligonucleotide 34 bases long, the reverse complemement of bases 2 to 35 of the mini-exon, see figure 1 ). Probe ME34 was used to detect clones containing mini-exon sequences and probe MER2 to identify those also containing 3' flanking sequences. From 21000 plaques 204 were positive with ME34, of these 181 were also positive with probe MER2. Probe MER2 hybridised with a further 9 plaques that did not hybridise with ME34. This result suggests that probe MER2 detects a sequence repeated many times in the genome since 0.9% of the plaques screened were positive for probe MER2. The result also suggests that the sequence detected by probe MER2 is usually closely associated with the mini-exon as 95% of the plaques positive for MER2 were also positive for probe ME34 which detected the mini-exon.
To obtain a wider view of the relationship between MER2 and the medRNA genes plaques were selected from two categories, first, those positive with both probes MER2 and ME34 and, second, those positive for probe ME34 but negative for probe MER2. Six plaques from the first and two plaques from the second category were used to prepare DNA that was mapped with restriction enzymes.
Probe MER2 detects part of a 5.5-7 kbp element interspersed between medRNA gene arrays. Figure 2b is a summary of the structures found. The probe MER2 detects one end of an 6-7 kbp medRNA gene associated element (MAE), that occurs adjacent to medRNA gene arrays. This element is assigned on the basis of 9 (out of 9) conserved restriction enzyme sites per element. The sequences homologous to MER2 were located from a cluster of three (Xmn I-Cla I-Bgl II) restriction sites mapped in ME1.5 (figure 1). The location and orientation of the medRNA genes are derived from the known restriction enzyme map (6, 12, 2) . These results were confirmed by hybridisation of probes ME34, MER1 and MER2 to Southern blots of the cloned DNA and by cross hybridisation of the genomic clones after restriction enzyme digestion and Southern blotting (data not shown).
Different MAEs were always found in the same orientation (based on the order of the restriction sites in MAE) with respect to the direction of transcription of the medRNA genes. Copies of MAE occurred as an apparent tandem pair (clone 8.3), in between two medRNA gene arrays (clone 8.4), or flanking both ends of a medRNA gene array (clone 8.5). Among the 6 clones containing MAE(s) mapped 5 entire MAEs were found. Partial copies of MAEs were only found at the ends of the cloned DNA, truncated, presumably, as a result of the cloning event. There was one aspect of the restriction enzyme maps of different MAEs that showed some heterogeneity. This heterogeneity was in the size of the internal Cla I fragment in MAE which varied between 2.75 and 4 kbp. Other restriction fragments such as the two small Bam HI fragments showed no size heterogeneity at all.
Two tandem copies of MAE in clone 8.3 are separated by 49 bp of a medRNA gene.
In clone 8.3 it appeared that there was a copy of the mini-exon in an MAE that was 6.5 kbp distant from the medRNA gene array ( figure 2a and 2b) . To investigate whether this represented a second type of gene encoding the mini-exon the BamHI-Bglll fragment (fragment BB in figure  2a ) that contained the mini-exon was subcloned and sequenced. This fragment also spanned the junction of two MAEs. The sequence is shown in figure 3 . As predicted there was indeed miniexon sequence in this fragment, but the mini-exon was incomplete, bases 1-6 being absent. Along with this partial mini-exon there were a further 20 bp of the medRNA gene immediately 3' of the mini-exon. A 'pseudo mini-exon' sequence which was also found to be missing bases 1-6 has been reported previously (13) .
Comparison of the sequence of this Bam HI-Bgl II fragment with those of the 5' and 3' flanking regions of a medRNA gene orphon (15) revealed that the sequenced fragment was the two flanking sequences in series with just 49 bases of a med RNA gene in between ( figure 3 ). In the sequences presented in figure 3 and reference 15 the 5' and 3'junctions between medRNA genes and surrounding DNA occurred at the same positions in the medRNA gene. In figure 3 Southern blots of genomic DNA were used to confirm that the results obtained from restriction enzyme maps of cloned DNA were representive of the genome. The results are shown in figure 5 .
In Sau 3A digested genomic DNA probe ME34 hybridised predominantly to two fragments of 1.35 and 1.5 kbp as described above; when probe MER1 was used the hybridisation to the 1.5 kbp Sau 3A fragment was reduced. Two minor Sau 3A fragments of 0.7 and 2.7 kbp detected by both probes were probably due to slight sequence variation between individual medRNA genes causing the addition or loss of Sau 3A sites (M.C., I.R. and R.W., unpublished data).
Probe MER2 strongly hybridised to the 1.5 kbp Sau 3A fragment from which it was derived. There was weaker hybridisation to a range of smaller fragments, the most intense of these being a 400 bp fragment. This is the same size as the Sau 3 A fragment from the junction of two MAE elements in the Bam HI-Bgl n fragment sequenced. The location of these Sau 3A sites is shown on figure 3 . Surprisingly probe ME34 did not hybridise to this Sau 3A fragment, possibly because it contained only a partial copy of the mini-exon. The origin of the other minor fragments that showed hybridisation to probe MER2 remain unknown.
Genomic DNA was digested with Hind in or Cla I to compare the restiction fragments found in cloned MAEs with those found in genomic DNA. Probe MER2 hybridised only with high molecular weight Hind III fragments of genomic DNA, consistent with the absence of Hind III sites in any of the cloned MAE containing DNAs.
There are two Cla I sites in MAE, one is spanned by probe MER2 (figure 4). In order to simplify the interpretation of results probes MER3 and MER4 were used (figure 1).
In the restriction enzyme maps of cloned MAEs probe MER3 is homologous to part of an (MAE) internal Cla I fragment that varies in size from 2.75 to 4 kbp. Probe MER4 is homologous to the extreme end of an MAE (figure 4). Consequendy the size of the probe MER4 homologous genomic Cla I fragment is determined by the Cla I site in the adjacent DNA. In clones 8.4 and 8.5 it occurred next to tandem arrays of medRNA genes which contain no Cla I sites, an equivalent location in the genome would result mainly in large genomic Cla I fragments unresolved on a Southern blot. In clone 8.3 probe MER4 lies in a 4 kbp Cla I fragment that arose when there were two MAEs separated by 49 bp of a medRNA gene.
When genomic DNA was digested with Cla I and Southern blotted, probes MER3 and MER4 hybridised with a range of fragments (figure 5). Probe MER3 hybridised to a set of discrete fragments of between 2.75 and 4 kbp (more clearly visible in figure 6 ). This result is consistant with the size heterogeneity observed in this Cla I fragment in cloned DNA. Probe MER4 hybridised to large unresolved fragments, a 4 kbp fragment and a 5. restriction enzyme fragments that were not analagous to any in the cloned DNA. This was to be expected as a fraction of the copies of MAE in the genome were characterised.
Copy number of MAE.
To estimate the copy number of MAE the hybridisation of probe MER3 to Cla I digested genomic DNA from two T. b. brucei and one T. b. gambiense isolates was quantitated (figure 6). The hybridisation was measured by scanning densitometry of an autoradiograph of a Southern blot on which there also were known amounts of Cla I digested plasmid pME-B.The two T. 
Transcription of MAE.
Transcription of MAE was investigated by two methods. First, Northern blotting and S1 mapping were used to identify transcripts in steady state RNA. Second, run off transcripts were used to probe cloned DNA to identify regions being transcribed. Identical results were obtained from both bloodstream form and procyclic trypanosomes. The results of the Northern blots are shown in figure 7 . Probe MER1 detected a small RNA, presumably the medRNA (6,3) as well as processing intermediates of the attachment of the mini-exon to high molecular weight RNA (the high molecular weight smear) (10) . Probe MER2 also detected a small RNA in total RNA. The transcript is derived from the sequence immediately adjacent to the associated medRNA gene array ( figures 1 and 2a) , however transcription is from the other strand of DNA to the medRNA gene array and consequently in the opposite direction. Size estimates of small RNAs from agarose gels are unreliable, accurate estimates of the size of the RNA detected by probe MER2 were obtained by S1 mapping (see below). Probe MER2 also hybridised faintly with an RNA of appproximately 2.0 kbp, the identity of this RNA was not investigated and remains unclear. A single stranded probe of the opposite sense to MER2 detected no transcripts in an equivalent experiment (data not shown).
The relative strength of signal on the two blots is a crude estimate of the relative abundance of the RNAs detected as both probes were of the same specific activity and were used at the same concentrations. Attempts to detect transcripts in steady state RNA using other regions of the MAE were not successful.
A more accurate estimate of the size of the transcripts was obtained by S1 mapping ( figure ME1 .5 ME 1. Figure 8 . MAE is transcribed to produce a 70-80 base RNA. The probes used for the S1 nuclease protection are shown above and the analysis of the products below. All digestions were for 30 minutes. For the probe derived from ME 1.5 six reaction conditions were used: 500 U/ml at 20°C, 1000 U/ml at 20°C, 2000 U/ml at 20°C, 2000 U/ml at 25°C, 2000 U/ml at 30°C, 2000 U/ml at 37°C and 2000 U/ml at 42°C.The autoradiograph was exposed for 60 hours. For the probe derived from ME1.35 three reactions were used: 500 U/ml at 20°C, 1000 U/ml at 20°C and 2000 U/ml at 20°C. The autoradiograph was exposed for 4 hours.
8).
A probe corresponding to the medRNA gene was protected in the expected manner. A DNA probe covering the MER2 sequence protected transcripts of 70 or 80 bases depending on the temperature of the SI nuclease reaction. This probe was resistant to SI nuclease as the activity needed to identify these RNAs was higher than needed to identify the medRNA, this led to a high background in both the control and experimental tracks seen in figure 8 , no such problems were encountered with mapping the medRNA. The appearance of the 80 base RNA at lower temperatures of SI nuclease digestion and its replacement by a 70 base RNA at higher temperatures indicated that they were probably two protection products of the same RNA.
To characterise nascent transcription of MAEs a Southern blot of restriction enzyme digested DNA from the genomic clone 8.4 was probed with run on transcripts ( figure 9a and b) . When run on transcripts hybridised to any one restriction fragment it was not possible to distinguish whether the whole, or part, of that restriction fragment was transcribed. However, if any restriction fragment did not hybridise with run on transcripts, it would be possible to distinguish a non-transcribed region.
No transcription was detected in a region of 1.9 kbp (Sal I fragment S2 and Bam HI fragment B3) in the middle of MAE (figure 9b). Furthermore transcription of 2 further restriction fragments 1 kbp (Xmn I fragment X2 and Bam HI fragment B2) was only very weakly detected (figure 9b), these fragments were termed weakly transcribed. The region corresponding to probe MER2 is transcribed, consistent with the observations in steady state RNA. Similar experiments were performed with clones 8.3 and 8.5, in both cases the same region of MAE was not transcibed.
The sensitivity of transcription of medRNA and MAE to a-amanitin was used to investigate whether the RNA polymerase activities responsible could be distinguished ( figure 10 ). Transcription of a and (3 tubulin was greatly reduced by 20 (ig/ml a-amanitin and ribosomal RNA was little affected by 1000 (ig/ml a-amanitin as previously reported (7) . Transcription of medRNA was reduced by 1000 (ig/ml a-amanitin but not 20 fig/ml a-amanitin (7), transcription of MAE showed a sensitivity to a-amanitin similar to the adjacent medRNA gene.
DTSPIJSSTON
The relationship between the 6-7 kbp medRNA gene associated element (MAE) and medRNA gene arrays.
Restriction enzyme maps of clones of genomic DNA containing the mini-exon revealed a medRNA gene associated element (MAE) that varied between 5.5 and 7 kbp in length (figures 2a and 2b).
MAEs appeared, in the majority of cases, to be associated with mini-exon coding sequences. In a genomic library, 95% of clones that contained part or all of an MAE also contained the miniexon. Only 13% of the clones that contained the mini-exon sequence were not positive for probe MER2. Such clones that were analysed contained solely medRNA gene arrays. Since probe MER2 detected only a small part of one end of an MAE (figure 4) some of these 13% could have contained a partial copy of an MAE that would not be detected by MER2. This data strongly suggests that the medRNA gene arrays and MAEs are usually closely linked. No other medRNA gene flanking sequences were detected in clones containing the mini-exon, and, if existant, must be relatively rare.
The restriction enzyme maps of the genomic clones showed MAE elements situated between two medRNA gene arrays, as well as at both ends of an individual medRNA gene array ( figure 2 ). This data and the estimate of 25 copies (in T. b. brucei) of MAE per haploid genome (figure 6) can be combined to form a model of the large scale structure of the medRNA genes. In the genome there is a series of tandem arrays of medRNA genes interspersed with MAE elements to form a super array. Whether these super arrays occur at one or more loci remains unknown. However, as there are only 200 copies of the medRNA gene per nucleus (2), the number of possible loci is limited. The origin of medRNA gene orphons.
The detection of orphons of medRNA genes by Southern blotting would arise when restriction enzymes that cut in MAEs but not in the intervening medRNA genes were used. An orphon would then result from a short medRNA gene array. This means that the orphon medRNA gene array may be separated from other medRNA gene arrays solely by a single MAE and, thus, is not necessarily at a distant locus. This explanation is complicated by sequence variation in medRNA genes giving rise to restriction site polymorphism. To illustrate this genomic DNA was cut with Hind HI and probed with ME34, MER1 and MER2 (figure 5). Hind III was used as no sites in an MAE or a medRNA gene have been reported. There are, however, 7 locations in a medRNA gene (the sequence from reference 12 was used) where a point mutation would lead to the creation of a previously absent Hind HI site. Probes MER1 and ME34 detected four orphons between 3.5 and 7 kbp, which did not hybridise to probe MER2 (the immediate flanking region at one end of a medRNA gene array). The most probable explanation is that the Hind III site at one end, or both ends, of these orphons has arisen in a medRNA gene by a point mutation. Orphons could arise due to restriction sites in adjacent MAEs and/or rare restriction site polymorphisms in medRNA genes. Contraction of medRNA gene arrays ? Clone 8.3 contained two MAE elements in tandem with just 49 bp of a medRNA gene in between. The clone gave rise to characteristic Cla I and Sau 3A fragments that were also found in genomic DNA. The structure possibly arose after contraction of a medRNA gene array which could have occurred as the result of a crossing over event. The intensity of hybridisation of probe MER2 to the Sau 3A genomic fragment corresponding to this 49 bp of the medRNA gene (figure 5) suggest this structure occurs several times in the genome, so the contraction does not appear to have been an isolated event. If some arrays were contracting others must be expanding to maintain the number of medRNA genes. The expansion and contraction of the medRNA gene arrays could be involved in maintaining the same DNA sequence in different medRNA genes. Periodically, as part of this process, a single medRNA gene would be expanded to an array. The array would be eliminated before individuals diverged, as a result of random mutations, beyond functional constraints. The hypothesis would predict that the individual members of one array would be more similar to one another than to members of a different array, this is currendy under investigation.
The transcription of MAE.
There is a marked contrast between the steady state and nascent levels of the short transcripts derived from MAEs. Allowing for the respective gene copy numbers, the rate of transcription of individual MAEs would appear to be comparable to that of an individual medRNA gene and probably, based on the sensitivity to a-amanitin, by the same RNA polymerase. However, the levels of MAE transcripts in steady state RNA, when detectable, are far lower than that of the i X* medRNA gene ME R T ME R T ME R T ME R T ME 20 200 a -amanitin (Hg/ml) Figure 10 . The sensitivity of transcription of MAE to a-amanitin. One of the gels blotted in this experiment is shown stained with ethidium bromide. The origin of the restriction fragments is shown to the right. Fragments derived solely from the vectors are shown as broken lines. The ribosomal DNA was pGH331 (37) . The tubulin DNA was a clone of genomic DNA containing both the a and p tubulin genes (unpublished data). Clone 8.4 was used as a source of MAE and medRNA genes (see figure 9a ). After hybridisation with run on transcripts the blots were washed in 0.2 x SSC, 0.1 % SDS solution at 60°C and exposed for 36 hours.
medRNA. The nascent transcripts from MAEs must be degraded extremely rapidly, since the half life of medRNA itself is 6 minutes (36).
There is a region of 1.9 kbp in the middle of MAE that is not transcribed. As the MER2 homologous RNA is transcribed away from this non-transcribed region there are probably promotors of and site(s) for the initiation of transcription. Furthermore there are probably also sequences where transcription terminates. The only other such sites definitely recognised in trypanosomes are in the medRNA genes (7, 36) and, more recently for varible surface antigen genes (38, 39) . More detailed analysis of the relevant regions of MAE will allow definition of these sites. The function of MAEs and the transcripts derived from them remains unclear. However, the transcription of a region of MAE adjacent to medRNA genes from the opposite strand to the medRNA coding sequence, and the rapid turnover of the products are intriguing clues.
